ABSTRACT: Towards human motion intention recognition in active rehabilitation, an algorithm of pattern recognition and localization is proposed. Large changes in the overall action signal were paid more attention rather than accuracy of local signal. The ARM of Cortex-M3 core was used in data acquisition and the Lab-VIEW to program human-computer interaction interface. Meanwhile the technology of intelligent action decision based on Neural Networks Artificial (ANN) was used and the wavelet packet was used to extract the signal feature of actions. Combined with the rehabilitation staff attributes information such as age, gender, stride length of walk, run, down stairs and up stairs to get the count of the staff's actions and location. Experimental results show that the performance of this method is 100% tested by genetic parameters optimization and the accuracy rate is 96.6667% by ROC. The target can be located according to the track of the target.
INTRODUCTION
In the field of medical training rehabilitation, it's a great reference for attending doctors and families to acquire information of patients timely and conveniently. For instance, the recovery data of patients with leg rehabilitation, the walk steps of everyday, the amount of jogging and the position indoors are significant data for the recovery of patients. On the one hand, most equipment without the function of indoor positioning are focus on the field of sports which also have a high price and cannot gather the information of people. As for the aspect of personnel positioning, there are mainly two categories of the indoor positioning: Local Positioning System (LPS) based on network technology and Pedestrian Navigation System based on inertial navigation technology (D. Gualda et al, 2014 ) (G.H. Tian et al, 2015) . LPS is based on the base station with high costs which is not proper for daily use. In terms of PDR, it is complicated relatively and the accuracy of the sensors has a great impact on the calculation of the target's posture with accumulated deviation. The above tow methods, meanwhile, cannot recognize the different actions of people. On the other hand, most designs of rehabilitation training equipments are mechanical and passive with a high cost that are unable to collect the rehabilitation training data to be analyzed scientifically and effectively. Moreover, they are also without the function of indoor positioning ensuring the safety of patients. Considering the present situation, the paper puts forward a new method to design an innovative and low-cost rehabilitation training and positioning system, which is based on information fusion and pattern recognition.
THE ACTION DATA ACQUISITION OF THE REHABILITATION

The Hardware of the Data Acquisition of Action Signals.
The posture of gait, such as walk, jog, stand, upstairs, downstairs are recognized by the sensors of tri-axial accelerometer, tri-axial gyroscope and electronic compass (B. Ayrulu-Erdem et al, 2011) . Each sensor would produce response signals with the patients' actions which are the key signals for us to extract the features of actions. The parameters of angular velocity, linear acceleration, the yaw of the north are measured by tri-axial gyroscope, tri-axial accelerometer and electronic compass respectively. The introduction of the sensors is as follows:
The model of tri-axial gyroscope, L3G4200D with the characteristics of low power consumption is produced by STM. It has a good performance in terms of sensitivity and stability and the data of gyroscope is used as auxiliary judgment.
The tri-axial accelerometer, ADXL345 introduced by ADI with the output serial bus of I2C is developed based on the principle of MEMS which can identify the change of 0.25 degrees. As a result, it can detect the dynamic acceleration in fields of wearable and the signals of it are used as assistance to features extraction of action signals.
The chip HMC5883 launched by Honey Well with small size and low cost can achieve 1 to 2 degrees of the accuracy of 12 A/D.
The Data Acquisition System Based on ARM.
The microcontroller of STM32F103 with the core of Cortex-M3 was used as the MCU of the design and the power system includes 5V and 3.3V. The entire system is a complete set of data acquisition, which uses the wireless serial port for data transmission.
Minimum system of single chip: To achieve the relevant functions, the ARM processor with the core of Cortex-M3 should be programmed. The series of STM32F1 belong to the 32 bit ARM microprocessor of low and middle -end product with the functions of USART, CAN, ADC, USB, I2C, timer, etc, which provide the access speed of 1.25DMips/MHz and the function of DMA is helpful to the data acquisition in real time.
The system consists of the sensors and the processor is shown as fig.1 : The overall program is used the structural of sequence under the development environment of KEIL. In order to give the initial value of the sensors, there are 5 seconds available for the MCU system and the sensors, meanwhile, processing 100 points collected for average. Then the signals acquired by the sensors are transmitted to the register of the serial port by DMA, which are sent to the host computer by wireless serial transceiver and at the same time, the lower computer continuous to acquire action signals. The process repeats all the times. The author has acquired the data of angular velocity, acceleration and the yaw of the north of X, Y and Z axis in order to achieve the function of the changeable signals of the rehabilitation patients. The display part of the interaction interface programmed by LabVIEW can achieve the functions of action data acquisition, feature extraction, classification and recognition, positioning, etc. The unit of data acquisition has play an important role between the sensors ahead and the software of the host computer, which is responsible for the configuration and control commands of the sensors, meanwhile, gathering the output signals of the sensors. And the functions of action count, the rehabilitation positioning algorithm, data acquisition and storage, interface display, feature extraction, etc. are completed by the software of the host computer. The software processes the data initially, then to generate the feature vectors that are sent to the BP network for training. Then we can accord the steps of the patient's and the changes of yaw to calculate the position of the rehabilitation. The functions all above are completed by the software on the host computer programmed by LabVIEW. The overall block diagram is shown in fig.3 : There are some information needed to be considerate including the indoor layout of the rehabilitation, gender, age, walking stride, running stride, up and down stairs forward distance, etc. before the start of the recognition and localization. In order to obtain the feature vector of different actions, the system of the rehabilitation training and location need to some methods to process the data gathered from the unit of data acquisition, including denoising, wavelet packet decomposition. We can recognize the classification of the patient's actions through sending the feature vectors of different actions to BP neural network, which can apply us the information for positioning. We can detect the gains through the following methods: the feature vectors of gait energy can be identified from the signal wave of the X axis angular velocity; the count of walk steps can be got from the signal wave of the Y axis accelerometer; as for turning, through the signal of Z axis of the electronic compass. All above methods are processed by the upper computer software. Then identify the actions of walking, jogging, downstairs and upstairs of the rehabilitation patients, which can be combined with the track of the rehabilitation and the indoor layer to locate the position of people. The specific algorithm is explained as follows.
Action Recognition Based on the Theory of Wavelet Packet BP Neural Network.
Wavelet packet analysis can be used to analyze the components of a specific frequency of signal, so it has a strong ability of localization analysis; BP neural network can be trained to minimize the error of the desired output vector and the actual output vector (M. Li et al, 2011) . Different frequency bands of the signal of walking, jogging, downstairs and upstairs have different percentage. On the whole, these signals of actions are belong to low frequency signal and most of the signal is concentrated in the range of 0Hz to25Hz. The author has employed a lot of experiments and the results show that the feature vectors of actions can be well recognized through wavelet packet decomposes the coefficients before extracting the angular velocity of X axis, then keep the useful wavelet coefficients and delete the useless wavelet coefficients as noise. After the procedure, we need to reconstruct the new signals. In this paper, we use the following method to extract the wavelet coefficients (H. (1)
The energy of ij S is represented by ij E and the formula of E is shown as follow: (2) In the formula, the symbol , ( 0,1, 2,..., 2 1, 1, 2,3,..., )
(3) The energy ij E calculated by the above formula is seen as feature vector and we can draw the formula below:
The above feature vectors are normalized and due to the power spectrum of the jogging are obviously higher than that of walking, the power spectrum varies a great deal from actions to actions. So we need to normalize the feature vectors in order to reduce the error of BP neural network. At the same, the speed of training increase to some extent with a good generalization. '
T is the normalized vector.
4.2 Action Recognition Based on BP Neural Network.
As for the classification of the rehabilitation, we combine the pattern recognition technology with the feature vectors calculated by above formula to process. The small training set would appear considering the time-effectiveness according to the matter of fact. The target recognition algorithm based on BP neural network that we choose is composed of construction, network training and network classification. The feature vector is used as the input of BP neural network (M. Song, 2005) Tao, 2007) .
(1) The construction of BP neural network The design of input network layer: the author use the feature vectors that are extracted from original signals and the number of input are 2 N ( N represents the total layer of wavelet packet).
The design of output network: the action of stand needn't be classified by BP network apart from the action of walking, jogging, upstairs and downstairs.
Because there are only some drift signals of the output when the patients stand and theses signals can be directly solved by the threshold value in the software. According to the experiment data, the number of four kinds of actions vectors we draw are 3, 4, 4, 3 and get the specific values of the support vector are obtained.
The design of hidden network layer: The number of nodes in the hidden network layer is determined by the empirical formula l m n     and n, m represents the number of input and output layers respectively (M. Song, 2005) .
(2) The data training of BP network We do the following experiments to acquire the training data of BP network in order to establish the model of classification. Before the experiment, we need to choose a certain place, orientation as well as testing personnel in advance. Each participant was asked for 5 times. The experiment was employed as follows.
Step1: walk 32 steps from the south to the north with left foot first.
Step2: jog 31 steps from the north to the south with left foot first.
Step3: upstairs from the east to the west on 11 flights of stairs with left foot first.
Step4: downstairs from the west to the east on 11 flights of stairs with left foot first.
Step5: repeat step1 to step4. And the data above is saved as the attribute vector and label vector.
The initial value of network weight is satisfied by the random number in (-1, 1) (R.W. Nie, 2007) (X.L. Tao, 2007) , which can guarantee the speed and accuracy of the network training. Besides, through the small sample training data can increase the speed of training. The matrix of attribute vector and label vector is sent to the MATLAB training module of BP network to complete the data training.
(3) The classification of BP network After training, the BP neural network can meet the requirements of target recognition and the feature vector extracted from the original data can be directly sent to BP network to complete the recognition of the target. Then the classifier will output the action category automatically, which lays a foundation for the positioning.
The Determination of Direction and Turning.
Judging the turning of the rehabilitation staff: The method of "power spectrum vector time chasing" was applied to distinguish the turning of the rehabilitation staff in our design. As for the data of original angle, 
Then, another function was structured as follows.
When the action of turning happens, the value i t y  would exceed the corresponding threshold, which can be captured by experiment. Judging the direction of turning of the rehabilitation staff: In short, the direction of turning can be judged through the changes of compass. The angle of the compass is absolute for the north, and after wearing with initialization, the angle is zeroed by software in host computer, which was seen as the default direction in zero. When turning the left or right, the electronic compass would show a positive or a negative change, which is illustrated in Fig.5 .The figure shows that the participant wearing the device is in position A, initialized to zero at the moment. The absolute angle to the north decreases with the staff turns left, and the angle of the moment minus the angle of A is a negative value, whereas turning right similarly. 
Simulation of Walking Signals of Rehabilitation Personnel.
The signals of tri-axial angular velocity meter, accelerometer and electronic compass will change due to the actions of staff. The following experiment was carried out in our design. The participant worn the device on the heel of his right foot and walked 32 steps from the south to the north with left foot first. The signals of the actions were transmitted to the experimenter's notebook computer by using the wireless serial port which were captured and displayed by the software in upper computer. The signal sampling rate is set at 50Hz and the initial waveform is extracted from 20 seconds to 80 seconds is shown in Fig. 6 . Firstly, we can get the information that there is an obvious variation trend of the signals of each sensor in the X axis (A.M. Sabatini et al, 2005) , and the signals are in the low frequency with a state of nonstationary. There are apparent signals of acceleration and angular velocity in X axis at the moment of foot landing on the ground (F.E. Zajac et al, 2003) . Besides, the frequency of walking is lower than that of jogging. Secondly, in general, the signals are similar to those of X axis when compared with Y axis, but the angular velocity and acceleration of the waveform also show other regularity. Observed from the macro, when patients walk normally, it will exhibit a shift inclined away from the direction of the footsteps which has the characteristics of stability and uniqueness. In our experiment, the shifts are represented by Y axis and the peaks of Y axis of accelerometer are equal to the numbers of steps of the staff exactly according to large numbers of experiments and statistics. As for signals of Z axis, it suggests a stable and periodicity tendency which can be used to determine the direction by the changes of angle.
Through the above analysis, we can use the following method to detect gait on the basis of a periodic signal: firstly, obtain feature vector through X axis angular velocity signal and then get gaits through Y axis accelerometer signal, finally acquire direction information in line of Z axis signal.
Analysis of Walking Signals and the Extraction of Gaits.
We should filter the signals because of lots of noise components (Hausdorff J.M et al, 2001 ); otherwise, it will cause adverse effects on the feature extraction of signal. According to a large number of experimental data and documents, the male's walking frequency is 0.91 ~ 1.03Hz and the female is 0.98 ~ 1.10Hz (L. Frank et al, 2007) .Consequently, we design a Bessel band pass filter with high pass cutoff 25Hz (B. Auvinet et al, 2002) and low pass 0.5Hz of 5-order which used to the signal of X axis angular velocity. For the number of steps, we take the algorithm of wavelet to extract the peaks of signals of Y axis of accelerometer filtered by the wave as is shown in figure 7: Fig.7 Extraction peaks of Y axis accelerometer
The numbers of the peaks extracted from the filtered signal are equal to the steps of our staff in the experiment. In conclusion, we can use the signal of Y axis of accelerometer to conclude the staff's gaits.
ANALYSIS OF THE CHARACTERISTIC ENERGY OF SIMULATED THE REHABILITATION
Select the data between different actions to extract the feature of different sections of the data stored in each segment. Because of the noise, use low pass filter designed previously for noise reduction with the parameters of sampling rate 200, low cutoff frequency 10Hz and the 5-orderand then process the data of electronic compass. Keep staff still and extract 30 numbers of the data of the electronic compass in order to calculate its average value, which subtract the data of compass to get the relative angle value to get the direction information. We use the VI based on the theory of wavelet transform of the wavelet toolbox in using LabVIEW which can restore the continuous waveform via time signal synthesis function. Then use "Wa Denoise.VI" to reduce the noise whose theory has been introduced above. In this procedure, select the appropriate parameters to achieve the best results, and then put the data into the feature extraction function. Take the example of the angular velocity X axis described as follows:
Using 3 layers of wavelet packets to decompose, the X axis of a single action of a gyroscope signal was divided into several segments which were extracted to energy characteristics respectively. In order to reduce resources occupied by LabVIEW and promote the speed of process, we use the method of hybrid computing by MATLAB and LabVIEW which calls the "wpdec" function of wavelet packet tool box in MATLAB by LabVIEW to extract the coefficients of each layer, improve the interface to call the sub VI. As a result, we complete the feature extraction of X axis angular velocity.
In this paper, we will analyze the energy of the standing, walking, running, upstairs and downstairs.
In the case of standing, the BP network turns out to be no solution and enters a static state. Other four cases can be analyzed from the aspect of energy. After the signal is extracted and normalized by the filtering feature, 5 action feature vectors are given, as shown in table 1 after a series of process such as extracting, filtering and normalizing.
We can draw from the table that the energy distribution of the same movement shows a great similarity, and different personnel also have similar distribution of energy. But there are certain differences between different movements. Select two kinds of action feature to analyze and others are similar. As shown in Figure 8 , when the staff begins to run, the energy shifts to the high frequency components with the increase of high frequency decomposed by wavelet packet and the energy increasesinband3, 5 and 7. When upstairs, as shown in Figure 9 , the low frequency increased compared to walking and the distribution of energy in band 1, 2 is equal respectively. In order to evaluate the acceptability of classification, the results of the BP network classification were tested and evaluated by the authors. Select a sort of test data and reduce the penalty factor as small as possible to enhance the generalization of small sample. Through the algorithm of genetic parameters to optimize the parameters and get the optimal parameters as follows of Figure 10 : through the experiment, the author got 14 vectors of walking, 12 vectors of running, 10 vector upstairs and 15 vectors downstairs. The accuracy of classification is 100%. To further verify the accuracy of classification, the author used another set of experimental data of walking and running to evaluate the validation and other action signals were processed similarly. The ROC curve is based on a series of different binary mode (boundary value or decision threshold) (Y.S. Wang et al, 2007) and the vertical axis represents the real rate and the horizontal axis represents the false positive rate. The curve is closer to the upper left corner, which indicates that the effect of classification is better. Use the ROC curve as the evaluation of the results of the classification (B.K. Wang et al, 2006) , which can better explain the result. The author selected the ROC curve diagrams of walking and running as shown below 11. After the author got a classification model using the training data, the results of the classification were evaluated by the ROC and the accuracy rate of the result is 96.6667% (58/60) (classification). From the above curves can be drawn, an error classification of the action of running occurred and the results of the whole classification are more ideal.
THE INTERFACE OF SIMULATED REHABILITATION PERSONNEL POSITIONING
The location of the staff can be used by the information obtained by the above analysis and the vectors of the positions were stored in the array of the program. The main input parameters are test personnel's properties as shown in fig.12 The tab of location and counting is shown as follows and the program can drew the track of the staff through the detection of the left or right of the staff, which can be seen as the simulated trajectory of the staff. The program should be entered the properties of the staff and the block indicates the location of the staff. The array shows the previous status of the staff and the LEDs on the panel display personnel current state. The interface of the location is shown in figure 12: Fig.12 Location interface 9 SUMMARY Based on multi sensors information fusion, the author studied and designed the training location system of rehabilitation which is different from the traditional motion recognition and positioning principle and the signal analysis takes advantage of the overall signal rather than the details of the signal itself. So the method overcomes the impact of the sensor drift of traditional techniques that focus on the accuracy signal itself. Firstly, use the multi sensor data acquisition to acquire different action signals with the Butterworth filtering processing, and then DB6 wavelet packet decomposition and reconstruction is used to extract feature vectors. Finally recognize the action and then locate the staff indoor base on the BP network. The accuracy of recognition is as high as 96.6667% and the design can describe the simulated trajectory of the staff indoor.
